Th(CI7H13N202)2(NO3)2(CI8H~5OP)2], Mr = 1467, orthorhombic, Pcan, a = 11.619 (10), b = 23-721 (10), c = 25.243 (4) A, V= 6957.33 A 3, Z = 4, Dx = 1-40 g cm -3, A(Mo Ka) = 0.71069 A., /z = 23.2 cm-1, F(000) = 2936, T = 298 K, R = 0.058 for 2547 reflections with I_> 20-(/). The crystal is composed of discrete molecules containing a thorium ion coordinated to ten O atoms from two bidentate benzoyl pyrazolone anions, two bidentate nitrate anions, and two triphenylphosphine oxide molecules.
Introduction. The extraction of tetravalent actinide ions from nitric acid solutions into organic solutions of 1,3-diketones (HA) and neutral synergists (L) such as phosphine oxides has been shown to involve nitrate complexes with the general formulation MA4-x(NO3)xLy (Ramakrishna & Patil, 1984) . Mixed complexes have been proposed for extraction of Pu TM from nitric acid using the 1,3-diketone HBMPP (4-benzoyl-2,4-dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one) and tributylphosphate (Chmutova, Pribylova & Myasoedov, 1974) . Relatively little structural information has been gathered on complexes of this type. We report here on the crystal structure of such a complex with Th TM.
Experimental. Th(NO3)4.4H20
(2 mmol) and HBMPP (8 mmol) were dissolved in 40ml hot ethanol. After stirring for 1.5 h, triphenylphosphine oxide (6 mmol) was added and the clear solution stirred for several hours. The volatiles were removed at reduced pressure. Addition of a mixture of chloroform (10 ml) and heptane (20 ml) gave an oily phase which was separated from the solution by decantation and solidified under vacuum. This solid was dissolved in ethanol (25 ml) and 7 ml of water added dropwise with stirring. Cooling with an ice bath produced a large quantity of solid which was collected by filtration and dried under vacuum. The solid was dissolved in 40 ml of acetonitrile, 3 ml of water added, and the mixture warmed to dissolve some precipitated material. Cooling to room tem-* Author to whom correspondence should be addressed. perature produced yellow crystals. An elemental analysis indicated that the crystal chosen for study was not representative of the bulk of the crystalline solid. The crystal consists of discrete molecules of Th(NO3)2(BMPP)2(OPPh3)2 which gives a calculated analysis (for C7oH56N6OI2P2Th) of C 57.30, H 3-85, N 5.73, P 4.22% ; the values found for the bulk sample were : C 62.38, 62.47; H 4.52, 4.45; P 2.74, Inc.) .
A parallelepiped of approximate dimensions 0.3 x 0.2 x 0.2 mm was used for the diffraction study. Enraf-Nonius CAD-4 diffractometer; graphite monochromator; lattice parameters from 25 reflections (10 _</9 _< 16°). An absorption correction was made by measuring the intensity of a low-angle reflection as a function of ~ (mapped to ~ in the actual correction), normalizing to the ~b = 0 value and superimposing a spherical correction, assuming a radius which is the average of the three most prominent directions of crystal development to (r--0.2mm) transmission=0-58-0-41. Variable speed 0-20 scans [to ~r(1)/I= 0"02 or 90 s], 20max = 45 °, h =0 to 12, k =0 to 25, l=0 to 26, 4528 total reflections, 2744 for which I_> 2~r(/), Rin t = 1"5% (9056 reflections), two standard reflections, no systematic variation during data collection. The structure was solved using standard Patterson and difference Fourier methods and a full-matrix leastsquares refinement. Calculations were carried out on a Crayl computer using the Los Alamos Crystal Structure System, developed primarily by A. C.
Larson; anisotropic temperature factors for atoms heavier than H and a secondary-extinction factor (not significantly > 0) (Zachariasen, 1967; Larson, 1967 (8) Table 1 . Relevant bond distances and angles are given in Table 2 and the numbering of the atoms is shown in Fig. 1 . Fig. 1 is displaced about 15 ° from the twofold  axis. If the nitrate anion is considered to occupy a single coordination site, the inner coordination sphere geometry can be described as distorted trigonal dodecahedral with BMPP O atoms, 0(4) and 0(5), representing the A sites, and the phosphoryl 0(6) atom and the midpoint of the nitrate O(1')--O(3') vector representing the B sites of the interpenetrating trapezoids. (triisobutylphosphate)2 which consistently show longer M---O distances with the acyl O atom, with average differences of 0-04 (1) and 0.13 (4) A, respectively (Ryan & Jarvinen, 1987; Karaseva, Karasev, Udovenko & Sigula, 1983) . The Th atom is 0.12 A above the O--C--C--C--O plane of the BMPP anion, corresponding to a dihedral angle about the 0(4)---0(5) vector of 3 ° . The largest deviations from the O--C--C--C--O plane are C(1) 0.027 and C(8) -0-028/~. The acyl group is bent slightly (7 °) out of the plane of the pyrazolone ring. The dihedral angle between the two O--C--C--C---O planes is 98.8 °.
Discussion. The crystal contains discrete molecules of Th(NO3)z(BMPP)2(OPPh3)2 with the thorium ion bound to ten O atoms of two bidentate nitrate anions, two bidentate BMPP anions, and two triphenylphosphine oxide molecules. The view shown in
The Th atom is 0.11 A out of the plane of the nitrate ligand. -Yun, 1978) [TTA = 1, l, 1-trifluoro-3-(2-thenoyl)acetonato, TOPO = tri-n-octylphosphine oxide]. The average Th-tophosphoryl O distances in these structures are also substantially shorter than the Th--O distances of the anionic ligands, a reflection of the strong Lewis basicity of the phosphoryl donors.
This work was carried out under the auspices of the US Department of Energy. The authors are grateful for the assistance of Dr J. H. Hall in carrying out some of the calculations.
